Using large data samples of di-muon events collected at √ s = 7 TeV center of mass energy, CMS has performed detailed measurements in the field of exotic quarkonium production. The production of X(3872) via decays to J/ψπ + π − is studied measuring the ratio of the X(3872) and ψ(2S) cross section times their branching fraction as a function of J/ψπ + π − transverse momentum (p T ). Additionally the fraction of X(3872) from the decays of the B hadrons is determined first time at Large Hadron Collider (LHC) and prompt X(3872) differential cross section times branching fraction as a function of p T is measured for the first time ever. The dipion invariant mass spectrum from the J/ψπ + π − system in the X(3872) decay is also investigated to establish the nature and the details of this decay.
Introduction
The observation of new states which do not fit into the conventional quark model renewed the interest in the exotic states. Many models such as hybrid mesons, tetra-quark states and the molecular states are proposed to explain the charmonium spectroscopy, however the agreement with experimental picture is not satisfied. To be able to understand the nature of these new states more experimental input is needed. Using √ s = 7 TeV pp collision data, the initial exotic spectroscopy program followed by CMS included the measurement of X(3872) production via decays to J/ψπ + π −
Production of X(3872)
Since the discovery of X(3872) by Belle [1] in 2003 many studies have been performed to understand the production mechanism of X(3872), however, its nature is still unclear. Using the 4.8 f b −1 pp collisions data collected in 2011 at √ s = 7 TeV, CMS studied the production of X(3872) by measuring the cross sections times branching fraction, the non-prompt fraction, prompt cross section, and also the invariant mass spectrum of π + π − from X(3872) to J/ψπ + π − decay. The subsections 2.1, 2.2, 2.3, and 2.4 will summarize the results of these measurement where information on the event selection and details of the measurements can be found in Ref. [2] .
Measurement of the cross section ratio
The ratio of the cross section times the J/ψπ + π − branching fraction is measured from the X(3872) and ψ(2S) signal events correcting for the acceptance and the efficiency which are estimated from simulation.
The signal events for X(3872) and ψ(2S) are separately extracted from the unbinned maximumlikelihood fits to the J/ψπ + π − invariant mass spectrum. In the fits the signal for the ψ(2S) resonance is modeled as two Gaussian functions with a common mean, and as a single Gaussian function for the X(3872). The non-resonant background is modeled as a second order Chebyshev polynomial. Acceptance and efficiencies are estimated from simulation, assuming both X(3872) and ψ(2S) are unpolarized and J PC of X(3872)= 1 ++ as recently measured by LHCb [3] . The cross section times the branching fraction measurement is also presented as "fiducial" measurement (w/o acceptance correction) within a phase space window defined by the kinematical cuts on the muon and pion pairs (p
The cross section times branching fraction ratio as a function of transverse momentum of the J/ψπ + π − systems are shown in Fig. 1 and listed in Table 1 for R f iducial (1 st column) and the fully acceptance-corrected R (2 nd column). No significance dependence on the transverse momentum is observed. Measuring the ratio cancels some of the systematics which are common to both X(3872) and ψ(2S) measurements. The main systematic uncertainty in the cross section ratio arises from the limited knowledge of the X(3872) transverse momentum.
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Measurement of the non-prompt production
The fraction of the non-prompt X(3872) production is determined from the decay lifetime distribution. The "pseudo-proper" decay length l xy is defined in a plane transverse to the beam direction as the separation between J/ψπ + π − vertex and the closest reconstructed primary vertex along the beam direction and corrected by the Lorentz boost of the J/ψπ + π − candidate. The B enriched sample of X(3872) candidates are selected by requiring l xy to be greater than 100µm. The non-prompt fraction is calculated as the ratio of the B hadron enriched sample signal yield and the signal yield in the inclusive sample and measured as a function of transverse momentum. The results are shown in the last column of Table 1 as a function of p T for the rapidity range |y|< 1.2. No significance p T dependence is observed. The measurement is statistically dominated.
Measurement of the prompt cross section
The cross section times branching fraction for prompt X(3872) production is determined using
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Exotic Quarkonium Spectroscopy and Production E. Asli Yetkin the cross section ratio R (sec. 2.1), the non-prompt fraction (sec. 2.2), and the previous CMS measurement on the prompt ψ(2S) production [4] as a function of transverse momentum up to 30 GeV and for the rapidity range |y|< 1.2. The measurement is compared with predicted differential cross section which was made using the NRQCD factorization formalism [5] . The predictions given in Ref. [5] are modified to be able to match the phase space conditions used in CMS X(3872) prompt cross section measurement. The comparison (Fig. 2 left) showed that although predictions describe the shape reasonably well, the predicted cross section is much larger than the observation made in data. CMS provided the integrated prompt X(3872) cross section times branching fraction for the kinematical region 10<p T <30 GeV and |y|< 1.2 as 1.06 ± 0.11(stat.) ± 0.15(syst.) nb. The NRQCD prediction for prompt X(3872) production is 4.01 ± 0.88 nb [5] which is well above the CMS measurement. This important CMS measurement on the prompt cross section is recently quoted by many theoretical papers [6, 7, 8, 9] .
Measurement of the π + π − invariant mass distribution
The invariant mass distribution of π + π − pair from X(3872) → J/ψπ + π − for the kinematical range 10<p T <50 GeV and |y|< 1.25 (Fig. 2 right) is measured to further investigate the decay properties of the X(3872). The data are compared to signal simulations with and without intermediate ρ 0 in the J/ψπ + π − decay. The study showed that the intermediate ρ 0 decay (X(3872) → J/ψρ 0 → µ + µ − π + π − ) gives better agreement with the data.
Summary
The exotic quarkonium sector studies performed by CMS experiment using large data samples of dimuon events collected at √ s= 7 TeV center of mass energy are summarized in this proceeding.
PoS(DIS 2013)177
Exotic Quarkonium Spectroscopy and Production E. Asli Yetkin
The production of X(3872) via decays to J/ψπ + π − is studied by measuring the ratio of the X(3872) and ψ(2S) cross section times branching fractions as function of transverse momentum in the rapidity range |y|<1.2. The non-prompt fraction of X(3872) (from the decays of B hadrons) is measured as 0.263 ± 0.023(stat.) ± 0.016(syst.) and no significance p T dependence is observed. Assuming both X(3872) and ψ(2S) are unpolarized, CMS measured the prompt X(3872) production times branching fraction into J/ψπ + π − for the first time as a function of p T . The NRQCD predictions overestimate the prompt X(3872) production at LHC where CMS measured σ prompt (pp → X(3872) + anything) × B(X(3872) → J/ψπ + π − ) in the kinematical region 10<p T <30 GeV and |y| < 1.2 as 1.06 ± 0.11(stat.) ± 0.15(syst.) nb. The studies of dipion mass spectrum for X(3872) showed that X(3872) → J/ψπ + π − favors the presence of an intermediate ρ 0 state.
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